A recent emerging technology, somatic cell nuclear transfer (SCNT), has been considered for conserving threatened or endangered species. Sapsaree is a native breed in Korea and has been designated as a Natural Monument. The aim of this study was to produce a Sapsaree by SCNT for breed conservation. Donor fibroblasts from a 9-year-old male Sapsaree were placed into the perivitelline spaces of enucleated in vivo matured oocytes and fused electrically. A total of 309 cloned embryos were transferred into the oviducts of 15 naturally synchronized recipients. Two recipients were diagnosed as pregnant, and each delivered one cloned puppy, both of which weighed 530 g. Overall, this study demonstrated that an endangered canine breed can be conserved by SCNT.
Currently, some species are disappearing on earth, and the number of species on the Red List of the IUCN, the International Union for Conservation of Nature, is increasing because of human activities, i.e., habitat destruction, over-hunting and environmental pollution. Hence, many scientists have tried to develop assisted reproduction technologies for conserving endangered species [1] . A recent emerging technology, somatic cell nuclear transfer (SCNT), is known as a powerful tool to preserve endangered species [1, 3, 10, 13, 15] . Currently, for conserving endangered species using SCNT, oocytes of a closely related species (intraspecies SCNT) or another species (interspecies SCNT) are applied. Some of the trials to conserve endangered animals using intra-and interspecies SCNT have failed to produce viable offspring [2, 11, 18] . However, live cloned offspring, such as normal mouflon [13] , african wild cat [4, 5] and gray wolves [9, 14] , have been obtained successfully using SCNT.
In canides, since production of the first cloned dog [12] , several cloned dogs have been obtained [6] [7] [8] . Additionally, female gray wolves (Canis lupus) were cloned from a 2-year-old female wolf [9] , and male cloned gray wolves from postmortem tissue [14] . This indicates that canine SCNT can be applied to conserve endangered species of the Canidae family. In Korea, the Sapsaree breed is registered as a natural monument (number: 368) to protect it from extinction and maintain a pure pedigree. Accordingly, the aim of this study was to investigate the possibility of cloning a male Sapsaree using SCNT for conservation of this breed.
In the present study, mixed-breed female dogs between 1 to 5 years of age were used as oocyte donors (n=38) and embryo transfer recipients (n=15). This study was conducted in accordance with recommendations described in "The Guide for the Care and Use of Laboratory Animals" published by Seoul National University. The surgical approach for collection of in vivo matured oocytes and transfer of cloned embryos to the oviduct was performed in accordance with our studies [7, 9, 12, 14] . In brief, anesthesia was induced with 6 mg/kg ketamine HCl and 1 mg/kg xylazine, and general anesthesia was maintained with 2% isoflurane. While in dorsal recumbency, recipients were aseptically prepared for surgery, and a midline ventral incision was made to expose the reproductive tract for collection of in vivo matured oocytes from the oviducts and transfer of embryos to the oviducts.
For cloning the male Sapsaree, ear skin biopsy was performed on a nine-year-old Sapsaree. Skin fibroblasts were isolated and provided for SCNT as donor cells. Donor cells were cultured to confluency for synchronization to the G0/ G1 stage. In vivo matured oocytes were collected by flushing the oviducts of female dogs in estrus, enucleated by removing the nuclei of the oocytes, microinjected with donor cells, and fused by electrical stimuli. A total of 309 cloned embryos were transferred into the oviducts of 15 naturally synchronized recipient females. The above described SCNT was followed according to the protocol established in our previous studies [7, 8, 12] . Around 25 days after embryo transfer, two out of the fifteen recipients were diagnosed as pregnant. Each pregnant female delivered one cloned puppy, both of which weighed 530 g ( Fig. 1 ). Unfortunately, the surrogate mother, who was very susceptible to man's care, hurt the puppies and this resulted in severe injury leading to death of one puppy.
In order to determine parentage, microsatellite analysis with canine specific markers was performed and summarized in Table 1 . Two cloned puppies were genetically identical to the nuclear donor dog. Furthermore, their mitochondrial (mt) DNA originated from the oocytes of donor dogs. This result is in line with our previous studies [9, 14] . In regard to mtDNA, it is important to note that it is believed that the mtDNA of offspring is transmitted from the mother, not the father. If a female clone dog enters puberty and become pregnant by breeding with a wild type male, the mtDNA of its progeny is transmitted from the oocyte donor dog by SCNT. In contrast, although cloned males with mtDNA from oocyte donor dogs have been obtained, the mtDNA of their sperm is not transmitted to their progeny, indicating that genetic characteristics of an individual can pass to the second generation without any transmission of DNA from oocyte donor dogs. Thus, cloning of male endangered species using intra-or interspeceis SCNT can be recommended for conservation program.
In the present study, there were two findings in regard to phenotypical changes in the cloned puppies. First, a feature of the Sapsaree in terms of hair coat is that its color pattern naturally changes from childhood to adulthood. After SCNT, the hair coats of two cloned puppies were quite different from the somatic cell donor dog, but as the live cloned puppy grew to adulthood, their hair color gradually changed to that of the somatic cell donor dog (Fig. 1) . Second, it is interesting to note that the live cloned puppy apparently showed signs of hip dysplasia, which is an inherited and polygenic disease characterized by hip subluxation and laxity [16, 17] , and this was also found in the somatic cell donor dog. Although we cannot explain the reasons for this, it indicates that a genetic problem, rather than the cloning procedure itself or an epigenetic modification, may be responsible for the disorder in the cloned Sapsaree. In conclusion, this study demonstrated that canine SCNT can provide a practical approach for conserving endangered canine breeds.
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